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(54) ELECTRIC POWER STEERING CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an electric power steering 
controller for vehicle capable of sufficiently reducing torque 
ripples even if supply voltage fluctuates. 

SOLUTION: The electric power steering controller is provided 
with a rotational angle calculating means 4e that calculates the 
electrical angle signal and rotational speed of a DC brushless 
motor 7; a compensation signal calculating means 4f that 
calculates the torque ripple compensation signal of the DC 
brushless motor 7; a target current value calculating means 4a 
that calculates a target current value for driving the DC 
brushless motor 7 from steering wheel torque and driving speed; 
a voltage allowance value setting means 4j for setting a voltage 
allowance value to the target current value; a current command 
value setting means 4b for setting a current command value 
based on a target current value, a supply voltage value, and a 
voltage allowance value; and a driving signal calculating means 4g 
that outputs a PWM signal to the drive circuit 5 of the DC 
brushless motor 7 based on the current command value, the 
torque ripple compensation signal, and the electrical angle signal. 
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s**«»»««»s*a* c<D*ss*t*fiti:*rEh;u 

(c .J: *iwe dc?7vux : e— £ ffiii^3ia>i>-r^R&ih 

ttES*m9Kffi^«aR*Ettj:«rE«E 

SSo % 30 

Iffi&m 3 ] DC^7v L/X^E— £ eaVftftfi-S- t [H] 

«it*6 mssm^fit t as-r * mstttttMue^a* 

C0>«aES*ffiil&E«ftft«#ij&*& U 
*t««#*3l«-r«««»Sll;HH[*a. TOE«aft»*fll 40 
<Sr|iTE h;u^7 y ^^U*f««#i<Dj!iD*filif!rEaSft 
OTt^6WE DC7"7V UX^E— £ <DffiS)Ial^(c p w 

[IS*^ 4 ] DC -J =z> > L/X^E-^ (DSftftfi# £ IhJ 
cfc £JiiJfS D C 3^ > l/X ^E— $ KB) 11350) t>^2fR&lta> 



^u«««#*ai«f **««a;Hfl:*». ME D C 
7=z> > UX^E-* ;KD*tt^SSff^t>m— 0D 

«TE«3SJM*ffii:tMBK-a> h;u^ y vzfjij&mm^k 

£ IfrEHftft {f-^ <t ^ &WE DC^^vbX ^E— £ CD® 

n i ^ p wm £ u ^ ? mnm^mn^ s«i ^. 
[if 5 ] d c y^ts ux^e— ^ cDmmft^i^-i m 

C0^ftilS<t^t)ffED C^vUX^- ^ SBBti 
ci; <5ME DC^v L/X^E- SS)m3Sa)l>-r^l»ih<7) 

fiiis^^a, KiEesmiffifii<tm3smEEfii<tffiEmiE^ 
«« t & mss^fii * Hje-r * mat m^dKS^a, 
MED c :f 9 L^x^-^ ^mKmaEi^Emaftm-^ 

j«w-r*«aE»!iw*a. i?te^^ — K/^^^«#t«rE 

« ft ft t & Miamff * ;H»f ^> ««SEE3t»:^ 
a. ffirE»^Sff^:«rEa«*Ki:ffirE«ftftfi^-i:*> 

^T*(i^- 37 fz^c i,*g fc« L T ffiijp-r -5>ti1SmiE0[) p WM 
m^rt SWE DC^7V UX^E— £ (D^ift^afC^^-S 

[SSsfcJl 6 ] DC^7V UXt-^r <7>Sftftf8#i: 0 
WE D C UX^E— ^ SSj^5SECDl>^"<^R&iha> 

fliifts^a. MEssmsaffiirmaimmffltsjEmiE* 
isfit t a> & m^EJi^ffl ^ s^-r * maEJ&^itts^^a, 

Cl©*Slt}MW14:«nE«ft#i«*i3^& y v^ib 

»««-^*3iir-r*«««ai***a. WEmssfi^ffi 

±J« LTWEmsS^JSi^aic^^ -5 ^ -r — K/ 

;H#¥a. WEmajig^fis^ME h;u^ y yjjuttmm 
^ t <oim mm t «te ^ -r — K/ < ^ ^ m-^ a * -d: ^ ^< 
<m^ma^;iis:-r^m3S©jffli^a. ue7^-k/<7 
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*is*^i -ai3jc^6<7>i^-r*t^— ^fc8Btta>mB/^^ 10 

7U>y«K81. 20 
lw|B«<DmS)/<^-X^rT y >^*iaigio 

^filA*. S*f!3SJa^fii£ T I m a x s m^HlE £ a „ 
T I m a x = (a — b — e ) / d 

[OOO 1] 

[*W(D«-r COSgfEl*. DC^7VbX 

x^Tu>y«ijffli»wzii-r*ta>-cfc*o 

[O O 0 2] 

cfi£*oaffi] *wic«ms*i*«m/<7— x-rTy> 

^KB-CI*. IM^lcRlt&jftfc h ;i^7-tr .fcyti 
«MU2£* *a*>Wz*y*i8£ttUlU 40 

9 > UX^E-£ LfcmSl/^— X-rT y 



[ooo 3] ccDj^df^ B«h;u$ffi£»Sfctf>i::« 

affl*Ba«affii-*iJSt-4f£(+a)»jw*a-t*i*Dc^ 

^g^<os h i z u & t, <o X- fe ^ o 

[OOO 4] "J 7 ^USfi«4tt*#afc l 

Tf£, IEEE TRANSACTIONS O 

N POWER ELECTRONICS, VOL8, 
NO. 2, APRIL 1 993C TCommutat 

ion Strategies for Brush I 
ess DC Motors: Influenceon 
Instant Torquejft %\<DXM 
<t LT\ 1 993The European Powe 
r Electronics Association 
[Z Ta NOVEL CURRENT CONTROL 

STRATEGY IN TRAPEZOIDAL 
EM F ACTUATORS TOMINIMIZE 
TORQUE RIPPLES DUE TO PHA 
S ES COMMU T AT I ONSJ *<§B3f£*LTI^ 

•So 

[OOO 5] C *l t> f 4£ S! DC^7V^ 

-*o>jE»aKij*j«iizH-r*tia)"cfcy. 

*<y tst*>TA<y <t £frJtapLT y ^^sissn-r 

<DEHB«*#i*/<^>— * t-#-*a««atT?««»** 
ta< y ^ it h ju^ y v zf)\,& <g3S-r s*= «>ic<e 

[0 0 0 6] 

lt*T3^y t SWfWL-C MU^ 'J ^^l/$K3tt4fe«) 

am-r*ti<Dr*fe*fci6. masm£Efc<fcyjam^H*^ 
a«mffi*^SLri£siE^icmai^tt^*^Lfc 
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& i*tMft<a otl*5* if anas £ m^- £ 1 0>-C fe o 

[0007] co>§tw\t % c<&<fc5fcl£il£^-r£*: 

[0 0 0 8] 

tiai«esjsi*aiw-r*Eiigftgt«^a. to 
c^i/u^- *mmn%t<Du-?frttj±<bt2toiznm 20 

6WBWttWt «*akflMHUUmt. 
Jt^<I<h:TOE h;i^ ij «y :ftufflRtt«£TOE*ftftA4 
£ *TOE DC^y bX^E-^ (DSiSSKlc P WMfl 

[0 0 0 9] Sfc. DC^7V L/X^ COS^ftfl-^- 

iEHss«t*«Ui'r*0*sftttaj^a. toedc:?^ 
^u«««**ai«-r**i«*Ean»*«. menu* 30 

<t TO© jfeffiSl* £ &TOE DC^7V ux^e— * $e 

^£ 1 ^ £ & ime d c s =5 > u x — $ ffiamsscD u-r h 

0) Jra^fii <t TOESm^fl-*!- fc * 6 TOE dc^vUx^e 

S^tix.fct(D-e$)^)o 40 
[0010] £ DC^7VUX^(Di^fti 

t Mm<D fefr&m tfrt> TOE DC^vL/X^ 

^sic & *>toe Dc^v ux^e— $ ffii&mssto) t>-r^ 
nEt&ftm tfr* m^tm^m zm^-tz assra^teK ^ 

ca>ttsit»*ffltwriB«*ftffl-^i:36^6 h;u^u 

^^u«««#*3iff-r«*i««aa«*». TOEmss 50 



[00 1 1] £ &fc£fc % DC^7VUX^0)IS 
yu £ £ m^CD^friSS £j& x ?> TOE DC^vbX^ 

* nt-r * m mn%tm « a mmunmk. 

WE^FSlz J; £TOE DC^7V UX^E— $ JEM V3K<Dt> 

TOEms i a* & mssfi^fii *■ « mssn^fi 

x^e— ^ 0)^16 0KlcpwM^^a5*i-r^Ki!)fi#;1l 

[0 0 12] 3itz. DC^V^Xt- ^CDmmftfl# 

a, TOEDC^i/UX*— 4i(Dft»«SSfcTOE«ft<i 
fca&*&^-f — K/<^£ ^^iS L TTOEmSSSJfflJ 

K/ ^ am- t TOEmssft^fii t ^as**^ < 

BE*a»-r*«35«!8i*S. TOE3?>f— K/<^y^«#i 
TOEJt^miEi:TOE««mJEi:TOEaaftfi^-i!r 

a « -c I * ^- ^ i c ffi [ c » l r m *n ^ ats m IE <^ p w 

Mfi-^- <t $ TOE DC^y L/X^-^z cosai^afc^.^. 
[0013] $t>lc. Dc^yux^oilfti 

<t^ilCD3£fTi$Jg<*:^t)TOED C ^7VbXt-^ £® 
^&lz d; 4TOE D c -J=z> is UX^E— ffiiSm^KcDU'r^ 

i»jtcofc«>fc«a![»ffiiz»-rs«ffi*»fflsias-r«« 

ff*»fltia:3e*«. TOEgamsSfil<5:m3Smfffiii:TOE 

«ff*»flt t * 6 mait^fii ^ iss -r ^ mat m^fiifts 
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tiiflt»IEa> P WMfi#£ £ 1MB D C -J =5 is UX^E—* (7) 

-So 

[oo i 4] $£>iz*fc. «ff*»«ia3e*«a>iJHE-r 

*«E*«flIA<. DC^vUZt- $KDIsl(eS£j&*& 
*«E*»flIA<. DC^^UXt- £<D[e]$e2^£/< 20 

ss*Lfc-®BfcLfc*<D-efc* 0 *&rc*fc, anas 
[0015] sfc, «sttt«flKs^aa>K£-r««aE 

TImax=(a — b— e)/d 30 
[00 16] 

[IBna>Xn<D»ffi] Hffi<Z>ff£S 1 . B 1 lis 

o>3S»6<djbii 1 coms^-x^r y >^$wsfi<z>*ft 

BIB. 4ltZti*<Dt>-*m<Dm^£AJ3TrZ>^<<<7n 
a>tfi— *<fcyft«»J»3S« % 5(i$fJ®gS4 0)fi-^ 40 
lc<fcy=ffl<D-r>/<— * 6 £Ub-f«unig|B % .71*^ 
>A— * 6^£<Dm;fcl::£yiia6S11lcfiaj bJW&tm 

ttllsIB* 1 OttDC^^UX^E— $ 7 CDj^8t(D*t£j5 
«EESttUJ-r**ttjfi«E«fflig». 1 1 liDC^S/ 
UX^E— $ 7 ICKlt t>*lfc iU-fe ^12a, 12 

b. 1 2 cO>Ui^iSSi]®g®4fcjto^^>7h— ;Hz>lM 

/F(HlBr*&^o 50 



[0 0 17] MR!tt4ttV7 h^XTCDlSJS^a^^ 

(tur. h;u^iz>^i <hm^-ir>-9-2a>as*iiwj:y D 

c ^ > ux^e-^t 7 iz*nr « § KS3Sfi!£ sum- a a 

4 b(DKSlE»«ffl«Ci:fzJ:yflWft«aE$*J 

SSffi £ msKMSPSP 4 c lz-5-z_z>y s — K/t?y£ V9E9llt 
6B4d£. ju-tr>-tf- i /FEJKi 1 <D(i-^Jc«fcy D 
C^^UX^E— * 7CDmmft£«fctiLTSmfttf-5§-£ 

u*-r*«»ftat»«4et. *tt^mii^aiiHiBi i 
a>«#i=:<fc y y ^^;utt««ff*atK-r* 

3t*« 4 e t % msLnmsm 4 e g>m9lm*h* bDc 
> ux^e-^ 7 o>Ei£ft satic-r * Bitsftat 

[0018] C(7)J:aiC^$tlfcC<DSg0J(Dl|jffi(7)3^ 
*>*2^6a>«#3b<Ba«SIE«3i«»4 afcA** 

*i. aa«sitttaiir«4ai**ist»tt*i:izjci:fch 

DC^i^UX^E— 5f 7|cai^I*-&^/'-tf)a)BS 

mssfii^;ii»L-cmssfg^fitis^a54 bfzai^-r^o c 
cDg^maifii(im3E*jmisP4 c <tffiis(i^;n^[fflj4 g <t 

>»12a % 12 b. 1 2 cfr^ElEi&Sd-^ICcfcy 

I»4dt J E- 5»EH5«aiiMB4-h tfz^S.*o ^— ^ 
DIEKNI|[«>4 hliSftftm^&DC^^UX^E- 
^ 7 0)lill£?S*;1lg:LT i E-^i»SmiE;1l©gP4 i Ic^ 

0)iStjB«ffiSS»*LT«a*»fiMftffi«B4 j ic-^^^o 
[0 0 19] mii^l§<lia^gB 4 j ttH2fz*-rj:3<C 

»4bfcA*-r*. m3S»^fflKsa?4 b(*. 0 3fc^ 

t7D-ft- HCcky §Sm3SfH;HSSJ4 a^&0)B 

3^3 o 1 revive. maE^iaiiHiBsfCcfc^mismKfia 
mff**§Mis^si54 j ^&a>aiE*i6b*5«fctf^— 

^fflffimiioi:. B«S35fil;1ia[S»4a^&<DSS®SS 

Bet, EtSLTU^^DC^^V'UX^E— ^ 7 0)iSg 
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(IT I ma xS 

T I m a x = (a — b — e ) / d 

SStt^fitT I m a x £(D]±&£mV T I m a x < c "C 
fetUSX^;/^ O 4 lC-C«aE»4Ml= T I m a x <t 
L. T I ma x^cT?feti(^X^^^3 0 5fZT^5SJg 

s&4 cicaja-r *> e 

[0 0 2 0] ^-f — K/ * B3E3I #« 4 dfiA 

[o o 2 1 ] nun9tmi4 gt*m3£*j»a54 ca<is 

7tfmW}£*lZ>o -CD<fc5fcaJE*»fil»SaJ4 j *<^E 
[0 0 2 2] hJU£U ^JU0iiPSiJ£|g4ftl*LH 

eizrcBMB-rsi. S4tt«aiaH£B#T?afrfiSff/><iSt^ 

f*fls±-B-?\ KssB#a>assg ^^ut^i:ftt\ 0 i§)ie& 

JKrt«±» LX^mEtfrn < ft*ttfC*U::#oT«EE* 

srz^-r^aiciissBtcDmsag^^v^^L. c<os 
9K g v ^n-fia-r 4 g ^^*4t5o 

T I ma x£*^f ^ctdlcLfcCD-C. «lC»EE*»8fit 

?E5SB#os3sg^^u^^-r4c:tft<. «eo-c. h 



[0 0 2 3] ft*>\ Ja±0)BiWt?r4«£E^«tttt£ffl4 

j fcH2<^<*:3ft^— * ttjeaExa-r— ^£Kit$ 

•tir^rt^-Cltt^Lfc^ B 7 icq*-*- J: 31=%— 

s»4 j icE«*i**s:y. *mzjscrat»-r*a*a 

10 ^VJE^ttfllKSff 4 j lcfB1t£i*TmEE£*§£?#£:: 
[0 0 2 4] dC0^<DilS6(D 

"T 4^n-/^H-efcy % 1 1* h;u^-tr>+K 2li 

■9-Sa>ii^-^ A^i-r 4 v-r ^ a zi > e j.— ^ cfc g ft4S«j 

f»36B. 5 lisffia) w >/\— ^ 6 SBttBK* 

7f£DC3 r ^>UX%— 8 afccfctf 8 b(*|Sm3fr& 
20 1 a>S»/^-7— Xf7U >^*JW«M£f±«»3£«4 0!> 

rtSA^as-rs'ct -5 icmft4^rifsiti(Dt<Dr*&4c 

*fc. 1 3f4DC3^>UX^E— £ 7 fCR(t UV 

;u/<i 2dicj:yafflLfciaiEffltB«-S-*M»»1l4fc 

[0 0 2 5] MffttlB4aV7 h«>X7<Di«? 

D h Lts S««9Effiai]|[04 a <t. BSKflMMUft 
5£«J4b£. — K/^y$mSK;1§S:£P4d£. uvOu 

/'CI 2 d3E»^P><Dfi^rc<fe y DC^VUX^ 7 (Dm 

30 «ftfi^*;Uff-r4®ftft;HJMP4 e mSSft^fl^ 
^SB4 b*<ta*-rS®3!E«^ffi4:Sfllft3i«S|S4 e<Dffi 

SSfl^flEiSSSP 4 bj&^tB^-rsSaStg^flii: h;u^ g ^ 

< tmsv^>nm§iJ4 e *<ai*-rsmmft{i#<t ja^j it 

*7©Ste»*3t«^* i E— *Ete»;TI«»4ht. CI 

4 ^ — $ ££j&3£E/Sf£$P 4 i ^(D&j&nKfr^ME. 
**8fflS;1IS:LrBSS»^fiSKSaJ4 brc^>LSmff* 

[0026] ^-ftt?*>. c<DHJ£o^SI(i. Hifia>^S 

^ux^e— 7<DlsIteiiB<l#^--;u-tr>-t>-(cSt)o 

tU^W\M2dlwJ:yf5«|:3lcU *tt^m 

50 IE* frc h;u^ g ^ ^;uffita©lEfiI^ ±f&-t 4 h;u^ g 
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ffi<t £ A* lt y ? :7;u£«flrr * h;u£ y zf 

js^Missa5 4 bomn^t< maE^Mis^S4 j 

[0027] fit, hju^y ^^;L4S«m5S;H^«154 

K/^^^ms5;iis:sP4 d \tmm<omm i trnmizmmn 

ictti^L. m3S*fflgi54 cfim^fi^fit Hi,* y 

tf7 4-\ : '*v5nfomt- : gL-tz>&o\zmmni±m.$: 20 

[0 0 2 8] CCDcfc^lC. Ca)^(DSIJS(7>J^g|2<7)m 

ffij/^-x^ry^^jjai^aicfci^t. xitoKffi 
&<dt^ y*>\,<? y ^ ^uc&ftpftjtfpjggt ft y % aaetiic 

2nt?««N£ttxu *fc. ■»*wwr«ct36«T?* 30 

ME* *5iM** ;H»^ftifcot^+L^£iHm$i^rm 

[0 0 2 9] mm<DmB3. S9fi. C(D^B^<DHJS<D 

)Hr>»I /FBR1 1 <fc. *— jHz>+M 2 40 

a, 12 b. 1 2 c <tfZ#*.TUl/;U/*1 2 d £ UVOU 

feMSMM-t £ A* lt h;u^ y ^usa«-r * h 

)vo y ^ ^u4nams5;its:sp 4 k siiR u Kiu^ y v 



EE;HS:a54 f a<£j£ Lfr h;u^ y ^;u»tt«EfiI£J!)D 
»LTffi»ft#;HS£54 gfcAD^^cfc^lcL^tcDTfe 

[0 0 3 0] C(Dcfcaicfi|ja$tLfcCa>^(Z>IISfi<0^ 
^L4f««3lE3tlt« 4 k#UV0U/<1 2 d*>€>fSfcMft 

&ic*tejft ME h;u^ y ^^;m««E 

ic cfc y ttiE l r $k5Sb* (Dms5o>it* > ±3b< y <t st*»T*< y 

ISSSfl 4 b fiUJScD ff£S 1 t P«lc«EE*»ffi* t, t lc 

i*W*ftti<z>tfty. a*fitt*cfcyss<b-e#*t,o>-e 
fc^o ftfc\ mff^mfiiiftSgP4 j (iHJScD}^® i tH 

[OO 3 1 ] nfa<Dm&4. 010ft CCD^BJCDgliS 

>-*m<Dm^& A*-r*^-f ^ □ u > e^L— ^ * y ft-s 

Mftt&S. 5 liflJi^g 4<Df!-5§-lZc*: y =ffi(7)-r 

— 9(i^>/\— ^ 6^bDC^7V L^X^E — £ 7-n 
tD«Bl^»«t&*Lfc««SlttUlffl«tfi8 a 8 b tOtti 

c?7i/l/^- ^ 7Jcig[tt>tifc7h— ;Hr>-9-i 2 

a. 12 b. 1 2 cO>mj3$;ftm&S:4lZjm?LXDC7 
7VbX^ 7(D[H]|E^£giai-r^7^— ;U-b>+^ I / 

Flel^T-fe^o 

[0032] *j»ss«4f*v7 h'tmromtft? 
mssffl;n^sp4 at. Bsm^fa;n^4a tms^ai 

^SP4b<b. ca>ms5t&^flltftSSiJ4ba>»^fr<i:ytt 

$&m3K^©iffli-r^m3S*jfflisp4 c<t. ^-r— ka^*« 
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